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ABSTRACT 
This report discusses the significance with respect to the NRX-A reactor 
design of f low tests on fuel element orif ices, the t ie rod l iner, a misaligned fuel element 
and support block, a lateral support seal at low pressure isothermal conditions, fuel 
element channels at simulated ful l power operating conditions, and control drum drive 
shaft impedance paths. 
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1.0 INTRODUCTION 
This report is the second in a series of reports, the purposes of which are 
to outl ine the design significance wi th respect to the NRX-A reactor design of thermal 
(D* 
and f lu id f low results of theComponent Test Program prescribed in WANL-TNR-095 
The first report, WANL-TME-398^^^ June, 1963, discussed results of the Tie Rod Hangar, 
Bushing, and Cone Support Flow Tests, Beryllium Reflector Assembly A i r Flow Tests, Fuel 
Element Or i f i ce Flow Tests, and Preliminary Support Block Flow Tests. The present report 
covers results of the Tie Rod Liner Flow Tests, Fuel Element Or i f i ce Flow Tests, Fuel Element-
Support Block Misalignment Ver i f icat ion Tests, Fuel Element Transpiration Leakage Tests, 
Fuel Element Flow Tests (used to evaluate pressure losses and heat transfer coeff icients). 
Low Pressure, Isothermal, Lateral Support Seal Tests, and Control Drum Drive Shaft Loss 
Coeff ic ient Tests. As addit ional test results become avai lable, they w i l l be included in 
Supplemental Design Reports. 
Testing has been completed on the determination of the loss coeff icient for 
the inner reflector-outer reflector impedance ring wi th air f lowing through the model. In 
addi t ion, some hydrogen flow testing of the beryl l ium reflector assembly has also been com-
pleted. However, data reduction was not completed in time for the results to be analyzed 
and included in this report. 
Numbers in parentheses refer to items listed in the Bibliography. 
'^^ 
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2.0 CONCLUSIONS 
A . Transpiration Leakage From Fuel Elements 
In i t ia l test results indicate that the magnitude of the transpiration leakage 
flow in elements is negl igible when compared to the core through f low. Its effect on f low, 
and ul t imately on the core pressure distr ibution in the interst i t ial voids, may not be neg l i -
g ib le . Tests are continuing to investigate other conditions and configurations. 
B. Fuel Element Flow Test Results as Appl ied to the Determination of Pressure Loss 
and Heat Transfer Coeff icients 
Comparison of measured and calculated pressure losses shows reasonable 
agreement wi th the average value, obtained from about one hundred test runs, wi th in 4 % 
of the calculated value. However, considerable scatter exists in the measured data wi th 
some points dif fer ing by as much as 300% from the calculated values. Heat transfer co -
efficients (obtained from element surface temperature measurements) appear to be about 
one-quarter of those calculated by the empirical correlation shown in Section 3.4. Experi-
mental work and data analysis are continuing in this area in an attempt to explain these 
discrepancies, 
C. Low Pressure, Isothermal, Lateral Support Seal Test 
When the seal is seated comparatively l i t t le f low leaks past the seat. As 
the f i l l e r strip gap increases, the flow rates passing through the gaps increase. The seal 
configuration acts l ike a f low restriction whose performance can be characterized by a 
loss coeff ic ient, CL, which is a function of the Reynolds Number, N - . 
D. Control Drum Drive Shaft Loss Coefficients Test 
Preliminary data on the in let loss coeff icient for the four central control 
drum holes indicates a value of 2.07. Based upon these preliminary values, as compared 
to a calculated value of 3.79, the calculated value of CL used in the reflector system flow 
balance is h igh. However, the tests were performed without f low inthe outer eight holes of 
the drum and without a spring in the plenum chamber at one end of the drums. Testing and 
evaluation is continuing to include these effects in the test. 
Preliminary results on loss coeff icient values for the four, 0.25 inch diameter, 
control drive shaft holes indicate a loss coeff ic ient of 1.40 as compared to a calculated value 
of 2.50, Aga in , the preliminary experimental loss coefficient is lower than the calculated 
value used in the reflector flow balance. Upon reevaluation of the calculated values, the 
measured value appears to be more in line wi th the area ratios and flow velocit ies involved. 
It is believed the ve loc i ty in the drive shaft is suff iciently low that the 0.25 inch diameter 
holes act more as an or i f ice rather than as a combination of turning f low and or i f i ce . However, 
the value w i l l be checked on subsequent tests wi th fu l l flow and leakage through the drive shaft 
spline couplings. 
E, Fuel Element Or i f i ce Loss Coeff ic ient Tests 
The loss coefficients for the twelve sizes of production fuel element orifices 
have been determined over the ranges of Reynolds Numbers occurring at the fu l l power operating 
condi t ion. These experimental values of loss coefficients have been input to the "Or i f i ce Selecti 
Computer Program" to select the proper or i f ice for each fueled channel in the core to meet the 
design cri terion of a maximum exi t gas temperature variat ion of + 200 R. 
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F. Fuel Element - Support Block Misalignment Ver i f icat ion Test 
Ambient air tests agree very wel l wi th the analyt ical predictions for two 
tested conditions of misalignment. 
G . Tie Rod Liner Tests 
-0 32 
A modified Koo equation (f = 0.00247 + 0.125 Nj^ ) can be used to 
predict the pressure drop for the he l ica l ly grooved stainless steel t ie rod liner, 
3.0 TEST RESULTS A N D THEIR DESIGN SIGNIFICANCE 
3.1 Fuel Element Or i f i ce Loss Coeff ic ient Tests (Test Specif ication A - 8 of WANL-TNR-095) (1) 
Hydrogen flow through the core is controlled by fuel element orifices in each 
individual channel. Ideal ly , f low is matched to local power factor by selecting an or i f ice of 
the proper loss coeff icient so that a uniform outlet temperature is maintained. The loss coe f f i -
cients necessary to accomplish this are specified by the "Or i f i ce Selection Computer Program." 
In pract ice, however, only a f in i te number of or i f ice sizes can be specif ied, each wi th an 
al lowable manufacturing tolerance. This results in an exhaust gas temperature variat ion across 
the core ex i t . The selection of or i f ice sizes is governed by the criterion of an al lowable var ia -
tion of + 200 R in exhaust gas temperature . An additional tolerance of + 50 R is al lowed 
on production orifices to account for manufacturing variations. 
In order to select the orif ices to meet the above cr i ter ion, twelve production 
fuel element orif ices, of the type shown in Figure 3 - 1 , ranging in diameter from 0.0225 inches 
to 0.070 inches were tested wi th ambient and cryogenic hydrogen at in let pressures of 334 psia 
and 674 psia and covering the expected ranges of ori f ice Reynolds Numbers. 
(3) The tests and their results are presented, in deta i l , in WANL-TME-472 
The prinicpal result of these tests, as far as significance to the NRX-A design, is a plot of 
Qommmmr"^ 
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ori f ice loss coeff icient versus or i f ice diameter at design operating Reynolds Numbers as 
shown in Figure 3 -2 . The data for this curve were obtained from the experimental plots 
of loss coeff icient versus Reynolds Number for each or i f ice size tested. The loss coe f f i -
cient was selected for each or i f ice size to conform to the range of or i f ice Reynolds Numbers 
5 5 
(1.8 X 10 to 4,0 X 10 ) expected under fu l l power operating conditions. 
As seen from the f igure, the loss coeff icient reaches a minimum at a diameter 
of about 60 mils. General ly , one would expect the or i f ice coeff icient to increase monotoni-
cal ly as the or i f ice hole diameter is decreased. However, i f the physical configuration of the 
f low system is considered, the unexpected shape of the curve may be explained. As the or i f ice 
hole size is decreased from values above 60 mils, i t approaches a size which equals the area 
of the vena contracta caused by the leading edge of the hole in the cluster p late. A t this 
diameter, the f lu id experiences no further losses, neither expansion nor contraction in passing 
from the cluster plate leading edge to the or i f i ce . Below this diameter, the f lu id must experience 
a further area contract ion, above this diameter, a continuance of the expansion occurs beyond the 
vena contracta. Both of these result in the increased losses indicated by the data of Figure 3 -2 , 
The loss coeff icient required for each channel of each element is specified by 
the "Or i f i ce Selection Computer Program." The program then combines these wi th the exper i -
mental data of Figure 3-2 along wi th the cri terion for a variation in exhaust gas temperature of 
+ 200 R at fu l l power operating conditions to select a particular or i f ice size for that channel. 
The production f low test acceptance limits result in an addit ional maximum variation in exit gas 
temperature of + 50 R at fu l l power operating conditions. 
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3.2 Fuel Element - Support Block Misalignment Ver i f icat ion Test 
The alignment of the f low holes in the fuel element and the bottom support 
block is maintained by the compressive loading of the elements between supports and the 
lateral core bundling forces. Thus, misalignment between the coolant holes in the fuel 
element and the bottom support block can occur, thereby increasing the flow impedance. 
The decreased f low rate due to this increase in impedance results in a higher temperature 
channel. This is one of the many factors which is input to the "Hot Channel Analysis" in 
order to determine the statistical distribution of channel temperatures 
mm (A 
An analysis of the problem, using the N\Qk? or SCAP computer programs 
was performed. The test was devised to ver i fy the analyt ical results under ambient flow 
conditions. 
The analyt ical f low model treats the misalignment as a sudden area con-
tract ion and expansion at the point of transition from the fuel element exit to the support 
block entrance, occurring along the same channel center l ine. The results of the analysis 
are in terms of reduced channel f low rates for various amounts of misalignment. These 
reduced flow rates can be interpreted as resulting from a decrease in the effective channel 
diameter. 
Ver i f icat ion tests were performed using ambient air but at Reynolds Numbers 
comparable to the fu l l power operating condit ion. Data was obtained for two conditions of 
misalignment - 0.033 inches and 0.058 inches, overhang; i .e. , the support block protrusion 
into the f low channel from its outer radius along a radial l ine. These results showed that 
in the aligned positions the effect ive channel diameter was 0.098 inches. At misaligned 
conditions, effect ive channel diameters of 0,0976 inches and 0,0937 inches were obtained 
for overhangs of 0.033 inches and 0,058 inches, respectively. 
The theoretical analysis, for the same test conditions, showed effect ive 
channel diameters of 0.09685 inches and 0,09375 inches, respectively. Thus, the analysis 
is in close agreement wi th test results, at least under ambient conditions wi th no heat a d d i -
t ion . This gives a reasonably high level of confidence in the use of the analyt ical methods 
to show the effects of misalignment on channel performance. Tests at high temperatures wi th 
heat addit ion w i l l be performed to further corroborate the analyt ical methods, 
3,3 Transpiration Leakage From Fuel Elements 
A high leakage rate of hydrogen through the porous graphite of the fuel elements 
could affect core performance. Unfueled, uncoated elements for a cold flow core are expected 
to be more porous than the fueled, coated elements, 
A test to measure the transpiration leakage of an uncoated, unfueled, Y -12 
element has been made. A 6- inch length of an element was plugged at the exit and the 
internal f low passages were pressurized w i th hydrogen. Af ter the system had been purged 
thoroughly, the f low rate was determined by measuring the rate of fa l l of pressure in a known 
volume attached to the element. 
A plot of leakage rate as a funct ion of pressure dif ferential for this test is 
given in Figure 3 -3 , A t a pressure di f ferent ial of 30 psi, and an internal pressure of 45 psia 
the leakage rate is 0,42 x 10 lb/sec per inch of element. The effect of this leakage rate 
on the core temperature distr ibution would be negl ig ib le. However, the effect on the f low 
in the interelement void spaces may not be negl igible since this f low rate is about the same 
order of magnitude as that calculated due to radial and axia l inf low. 
7 
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As indicated, these first tests were conducted wi th ambient temperature 
hydrogerl discharging to the atmosphere. Furthermore, the supply volume, attached to the 
element, was small and transient effects could have been signif icant. Addi t ional tests are 
presently being undertaken on other element types (fueled, coated) at design pressures to 
fu l l y assess whether the magnitude of the transpiration leakage f low rates for actual reactor 
grade fuel elements is sufficient to s igni f icant ly effect the core pressure distr ibut ion. 
3.4 Fuel Element Flow Tests as Appl ied to Measurement of Pressure Loss and Heat Transfer 
Coeff icients (Test Specif icat ion A 2 - 3 of WANL-TNR-095) 
The pressure loss and heat transfer coefficients used to predict core performance 
are based on empirical correlations of data which are not completely representative of core flow 
condit ions. It is important, then, that these coefficients be measured at the temperatures and 
heat f lux rates expected under fu l l power operating conditions. 
Flow and temperature data for fuel elements have been measured at various heat 
f lux rates by heating fuel elements e lec t r ica l ly . The primary purpose of these tests has been to 
measure the capabi l i ty of fuel elements to resist corrosion by hydrogen at high material tempera-
tures. In these tests, the hydrogen flow rate, in let and outlet gas temperature and pressure, e x -
ternal element surface temperature, and electr ical power are measured. 
From these data, the average pressure loss and local heat transfer coeff icient 
of the test may be determined. These values may then be compared to the coefficients p re -
dicted by the MCAP code using the standard design procedures. 
The test average f r ic t ion factor, calculated from the overall drop in total 
pressure and the average gas density, has been compared to the calculated average f r ic t ion 
factor for about a hundred test runs. Two-thirds of the test points have been wi th in 20% of 
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predicted but the error range was + 300%. The average fr ict ion factor of a l l the test runs 
was just 4 % lower than the average of a l l the calculated values. The test data does not 
cover a wide f low or Reynolds Number range so i t is not possible to show an error trend. 
For the heat transfer comparisons, element surface temperatures were measured 
at four positions along the element. These measured temperatures have been compared to 
temperatures calculated in the MCAP and TOSS codes using f low and power conditions of 
the test. The f i lm heat transfer coeff icient used is calculated in the MCAP program according 
to the empirical relationship. 
.8 .4 -.55 
- ! p - = .025 (N|^^) (Np^) a w A g ) ( H - . 3 ( X / D ) ) (3-1) 
where 
h = heat transfer coeff icient 
D = diameter of f low passage 
k = thermal conduct iv i ty of gas 
Np = Reynolds Number 
Nn = Prandit Number 
rr 
Tw = temperature of heat transfer surface 
Tg = coolant temperature 
X = length from entrance to point of calculat ion. 
Heat loss from the element by radiation is a large and unaccounted for 
effect in these in i t ia l measurements. Nevertheless, measured temperatures have been about 
1000 hotter than calculated, as in Figure 3-4 . The data have been remarkably consistent. 
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In order to get good correspondence between measured and calculated results, it would be 
necessary to use heat transfer coefficients of about one quarter of those given by the above 
equation. In view of the data represented by this equation, it seems quite unl ikely that so 
large an effect can be explained by inaccuracy of the heat transfer coef f ic ient . If heat loss 
from the element is considered, the correspondence between measured and calculated becomes 
even worse. 
A logical explanation for the difference between measured and calculated 
results is a combination of an error in measured f low rate (or f low by-passing the element) 
and the neglected radiation loss from the element surface. An investigation is presently under-
way to explain the apparent disparity between test results and the analysis. The analyt ical 
procedure is being modified to account for radient heat loss. 
3.5 Tie Rod Liner Frict ion Loss (Test Specif ication A - 7 of WANL-TNR-095) 
A metered f low of hydrogen is required to cool the t ie rod and stainless steel 
l iner. Pressure drop in the coolant path consists of the centering bushing loss, f r ic t ion loss 
through the annulus between the t ie rod and l iner, and a loss through the support cone. 
The loss coeff icient for the centering bushing and for the support cone have 
(2) been measured and reported in WANL-TME-398 . The fr ict ional pressure loss in the t ie 
rod annulus has been evaluated for the NRX-A reactor design in the t ie rod computer program 
from the empirical Koo equation. 
f ,0014 + . 1 2 5 / N .32 Re (3-2) 
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where f is defined by 
AP = (G ) V g (AV) + f2 ( G / L V / g D 
n n n 
(3-3) 
w here 
f 
AP 
G 
n 
g 
V 
L 
D. 
= fr ic t ion factor, dimensionless 
= pressure drop, psi 
2 
= mass flow rate, Ibs/sec-in 
= gravitat ional constant, in/sec 
3 
= specific volume, lbs/ in 
= length, in, 
= hydraulic diameter, i n . 
This relationship is known to correlate fr ict ion pressure loss for smooth 
tubes. The present NRX-A design uses t ie rod liners having a helical groove in the flow 
path as shown in Figure 3-5. This hel ix may alter the f low f ie ld so that the pressure drop 
can no longer be correlated by the smooth tube relationship. Equation 3-2 . A test program 
was undertaken to measure the fr ict ion factor of the helical l iner. The fr ict ion factor of 
a smooth liner was measured in the same test f ixture as a control test. 
The test f ixture consisted of a model of the t ie rod flow path of the core. 
Hydrogen f low passed from a plenum into the positioning spring chamber and then to the 
t ie rod-l iner annulus. After passing through the annulus, the flow discharged through the 
support cone into an exit plenum. The pressure loss was measured from the positioning 
spring chamber to a point just downstream of the liner but in front of the cone support. 
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The test conditions covered a f low range of 8 to 74 Ibs/hr of hydrogen, inlet 
pressures of 584 psia and 270 psia, and temperatures of 250 R and 555 R. 
Preliminary data have been reduced and analyzed. The fr ict ion factor was 
calculated for each test run using Equation 3 -3 , Figure 3-6 shows the comparison between 
the f r ic t ion factors for hel ical and smooth t ie rod liners. The Koo equation is also plotted 
to show that the degree of correlation for the smooth tube data is rather good. The data for 
the hel ical t ie rod liner is found to be correlated by the equation 
f = 0.00247 + 0.125 
N 0.32 Re 
(3-4) 
3.6 Low Pressure, Isothermal, Lateral Support Seal Tests (Test Specification B-3 of 
WANL-TNR-095) 
,(5) A model of the f low passages about a single seal was constructed and tested 
wi th low pressure, ambient a i r . A schematic of the model is shown in Figure 3-7 . The model 
consisted of a plexiglas container, a single graphite seal segment, graphite f i l ler strips, and 
a simulated graphite inner ref lector. The f i l le r strip gaps, side clearances, and top clearances 
could a l l be varied independently. 
Tests were performed on the model wi th ambient air at inlet pressures of 
5-25 psig and flow rates up to 0,1 lb/sec. 
Due to the design and method of construction of the model, it was found to 
be v i r tua l ly impossible to seal the container either internal ly or externally so that air did 
not leak to the outside of the container or around internal components, short-circuit ing the 
flow passages. In addi t ion, each time a change in the internal configuration (e.g,, an increase 
j^ J^f « - v » 12 
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in f i l l e r strip gap) was required, the model had to be part ia l ly disassembled, thereby changing 
the nature and size of any leakage channels that existed during the previous test. Thus, the 
data obtained from this test has only been used in a qual i tat ive fashion and no quanti tat ive 
answers applicable to the NRX-A design have been obtained. 
The qual i tat ive appl icat ion of the test results and their significance to the 
NRX-A design fal l into three categories: seal seat leakage, the effect of f i l le r strip gap, 
and characterization of the seal as flow restriction described by a loss coeff icient as a 
function of Reynolds Number, 
When the seal segment is seated against the inner reflector, comparatively 
l i t t le flow passes through the seal interface. This is shown by comparison of Figures 3-8 and 
3-9 . In Figure 3-8 the effect of top clearance on the f low around a centered seal segment 
wi th 0.010" side clearances is shown. In this test the f i l le r strip gap was maintained at zero 
by use of a solid block and the top clearance was varied from 3/64" to 3 /16 " . Although the 
scatter in the original data was considerable (due undoubtedly to the varying leakage), distinct 
and different loss coeff ic ient levels (based upon 0.010" side clearance gap) resulted for each of 
the three top clearance values investigated, wi th the highest loss coefficients occurring wi th the 
minimum top clearance. These results indicate that a considerable portion of the flow did indeed 
pass through the 0,010" passages, and the effect of reducing the top clearance was to increase 
the f r ic t iona l , contract ion, and/or expansion losses in the intermediate flow passage over the 
top of the seal segment. When the seal segment is seated against the inner reflector, no s igni -
f icant effect of top clearance is observed. This is shown in Figure 3-9 where loss coeff icient 
(based upon 0,020" side clearance gap) data for two tests, performed wi th the seal seated and 
only j j j ^^ ipsefe&rance var ied, are plotted. Inspection of the data reveals no systematic variat ion 
'*'i^i'jmi:i9m*j2 * J M - ^ 13 
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between the two conditions. Although the data shown was for a configuration wi th a f i l l e r 
strip gap incorporated, similar results were also obtained wi th a solid block in place of the 
f i l l e r strips. Since top cleorance effects were noted (Figure 3-8),when a major portion of 
the f low passed over the top of the seal segment, and no such effects can be seen when the 
seal is seated (Figure 3-9 , i t is reasonable to conclude that the magnitude of the seat leakage 
floiv in the coses investigated, was very much smaller than the extraneous leakage which ex-
isted wi th in the model. However, since i t was not possible to determine the latter from these 
tests, no estimates of the seat leakage f low can be made at this t ime. 
The effect of fi Her strip gap size is i I lustrated in Figure 3-10 where the loss 
coeff icient (based upon t^ he 0.020" side clearance) is seen to increase as the gap size decreases. 
Aga in , it should be emphasized that the numbers shown in the figure cannot be applied to the 
NRX-A design due to the uncertainty in the extraneous by-pass leakage rates and can only be 
uied for fhis qual i tat ive comparison. 
Inspection of the test results for the centered seal (Figure 3-8) and those for 
the seated seal w i th or without f i l ler strip gap (Figures 3-9 and 3-10) indicate that the flow 
description of the seal; i „e,, as a resistance described by a loss coefficient as a function of 
Reynolds Number, as used in the NRX-A design analysis,is a va l id one, 
3.7 Control Drum Drive Shaft Lo^s Coeff icient Test (Test Specif ication D4-1 of WANL-TNR-095) 
3.7.1 3nlet Loss Coeff ic ient 
In the analysis of the flow distribution i n t h e reflector system, the flow path 
in the control drum is divided into three parallel paths; the control cylinder holes (19 -
0ol875" diameter holes per cyl inder); the control vane inner annulus; and the control vane 
outer annulus. The assumption has been made in the design analysis that each of the 19 control 
14 
cyl inder holes receives an equal portion of the total f low. The four (4) central holes are fed 
pr imcri ly by f low through the hub of the nozzle end bearing shaft, and the outer f i f teen (15) 
holes arranged eight (8) and seven (7) on concentric circles, are fed by in - l ine holes in the 
flange of the nozzle end bearing shaft as shown in Figure 3 - 1 1 . In addi t ion, there is a variable 
radial ring clearance* between the face of the nozzle end bearing shaft and the nozzle end of 
the beryll ium control cyl inder through which the flow can redistribute itself between the four 
inner holes and the f i f teen outer holes. Thus, the component tests on the control drum drive 
shaft and the ful l control drum have been designed to furnish data on the flow distribution in 
these cooling holes. 
Preliminary data has been obtained for the loss coefficients for the 0.531 " 
diameter hole in the hub of the nozzle end bearing shaft and for the entrance to the four 
central cyl inder holes. The results, shown in Table 3-1 were obtained using ambient air 
for a configuration which had the outer cylinder holes sealed ( i ,e , , no flow through the ring 
clearance) and had no spring in the plenum chamber. 
As can be seen from the results, the loss coefficients decrease as the ring 
clearance increases. This may be due to changes in the plenum volume which occur when 
the ring clearance is var ied. 
Preliminary calculations have been performed to determine the inlet loss 
coeff icient (for the four central holes) using the above data. These result in an inlet loss 
coeff ic ient (based upon the control cyl inder hole diameter) for the four central holes of 
2o07, This is compared wi th a value of 3,79 or iginal ly calculated and used in the reflector 
* This ring clearance has an assembled nominal value of 0,142". During power operation, 
this w i l l decrease due to the differences in expansion between the beryll ium control cyl inder 
and the aluminum housing. 
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f low balance. Since the da ta ' i s^h ly preliminary in nature, in that i t was obtained during 
cal ibrat ion test runs and without the spring in place, f inal comparison between experimental 
and analyt ical results is await ing tests now in progress on the design configuration. The results 
of these tests w i l l be used to modify the reflector flow balance. 
3.7.2 Exit Loss Coeff ic ient 
Preliminary data for the loss coeff icient for the four (4), 0.25" diameter 
drive shaft holes have been obtained. In the original design analysis, these holes were 
considered as orifices fol lowing a 90 f low turn, and a loss coeff icient of 2,5 was c a l -
cu lated. The preliminary data gives a loss coeff icient of only 1.40, 
Re-evaluation of the area ratios for these holes and the flow veloci ty wi th in 
the drive shaft indicate that the pressure losses in this f low passage should be compared as 
only a sudden contraction loss and a sudden expansion loss. The turning loss is negl igible 
due to the low velocit ies which exist w i th in the drive shaft. A calculated loss coeff icient 
for the sudden contraction is 0.29 (based upon an area rat io, or i f ice area/dr ive shaft area, 
of 0.34) and for the sudden expansion is 1.0. The combined loss coeff icient is, therefore, 
calculated to be 1,29, agreeing wel l w i th the preliminary experimental result of 1.40, The 
experimental value of this loss coeff ic ient w i l l be checked on subsequent tests on the drive 
shaft test rig with fu l l f low through a l l the f low passages and leakage through the coupling 
splines. The resulting loss coeff icient w i l l be incorporated into the reflector f low balance 
when experimental loss coefficients for the rest of the control drum flow passages, as wel l 
as the other reflector components become avai lable. 
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TABLE 3-1 
LOSS COEFFICIENTS FOR ENTRANCE TO FOUR CENTRAL HOLES 
Location 
0.531" diameter hole in hub 
of nozzle end bearing shaft 
Entrance to four central cylinder 
holes 
Loss Coefficients 
1.1 
1.8 - 1,85 
1.75 
1.7 
1.6 
Ring Clearance 
0.000" - 0 . 1 2 0 ' 
0.000" 
0.040" 
0.120" 
0.200" 
